The presence of ␣-defensins in bronchoalveolar lavage fluid (BALF) was investigated in a cohort of preterm newborns with gestational age (GA) Յ30 wk. Specimens were collected during the first week of life from 24 preterm neonates mechanically ventilated. The studied population was divided into two groups: pneumonia group of nine neonates suffering from pulmonary infection (GA: 26
A ntimicrobial peptides play an important role in the host innate defense network, even in humans (1) . Recent studies demonstrated the capacity of human airways epithelial cells to synthesize antimicrobial peptides and their multifunctional role in the primary immunity (1) . Majority of antimicrobial peptides are cationic molecules with hydrophobic and polarized regions, which are essential for their affinity to negatively charged microbial membranes (1) (2) (3) (4) (5) . According to three-dimensional structure and amino acidic sequence, mammalian antimicrobial peptides can be divided into the following three principal families: cathelicidins, defensins, and histatins (1, 2) .
Defensins can be divided into ␣-and ␤-subfamilies, on the basis of the different spatial disposition of three disulfide bridges among three couples of cysteine residues. To date, six ␣-defensins have been characterized: the human neutrophil peptides 1-4, mainly produced by neutrophils, and the human defensins 5-6 expressed by the Paneth's cells (1) . They contain 29 -35 aminoacids and three disulfides bridges in a 1-6, 2-4, and 3-5 alignment and reveal a triple stranded ␤-sheet structure with a ␤-hairpin. Defensins have a broad spectrum of antimicrobial activity against bacteria, fungi, and even some enveloped viruses (1, 5) . Their arrangement allows them to insert into phospholipid membranes, resulting in the disruption of the normal barrier property of the membrane (1, 5) . Defensins can also assemble into multimeric pores that permeabilize cellular membranes. Phagocytic cells use defensins during killing and microbic ingestion (1, 5) . Defensins also lead to cytokines production by epithelium, white cell chemotaxis, wounds repair, and angiogenesis (1) .
Several studies suggested that these peptides are involved in the pathogenesis of pulmonary infections (1) (2) (3) (4) (5) (6) (7) . Pneumonia with or without associated bloodstream infection frequently occurs in preterm neonates requiring ventilatory support (8) .
A recent study of Schaller-Bals et al. (9) evaluated, by Immunodot and Western Blotting assay, the presence and concentrations of human ␤-defensins 1-2 and cathelicidin LL-37/hCAP18 in the epithelial lining fluid (ELF) of mechanically ventilated newborns during pulmonary or systemic infection. These authors correlated their concentrations with each other and with inflammatory mediators (TNF-␣ and IL-8). Differently from murine homologous models, their results show that antimicrobial peptides in newborns are produced independently of the postmenstrual age. They found an increased secretion of these peptides in the ELF during systemic infection with or without pulmonary infection.
It has been reported that bronchoalveolar lavage fluid (BALF) of preterm neonates who need mechanical ventilation is rich in neutrophils (10) , and to our knowledge, no specific studies exist about the production of ␣-defensins by neutrophilic cells and on their role in the airways of premature neonates. In a previous work, we evaluated the incidence and etiology of connatal pneumonia and ventilator-associated pneumonia in preterm newborns with birth weight Յ1250 g requiring intubation for at least 12 h. In this study, connatal pneumonia and ventilator-associated pneumonia incidence occurred in approximately 8% and 30% of patients per year, respectively (11) .
In this study, by mass spectrometry, we analyzed whether ␣-defensins 1-4 are present in the BALF of preterm neonates undergoing mechanical ventilation and the influence of respiratory infections on their concentrations.
METHODS

Reagents and instruments.
All general chemicals and reagents were of analytical grade and were purchased from Farmitalia-Carlo Erba (Milan, Italy), Merck (Damstadt, Germany), and Sigma Chemical Co. Aldrich (St. Louis, MO). The HPLC-electrospray ionization (ESI)-mass spectrometer (MS) apparatus was a surveyor HPLC system (ThermoFinnigan, San Jose, CA) connected by a T splitter to a PDA diode-array detector and to an LCQ Deca XP Plus mass spectrometer. The mass spectrometer was equipped with an electrospray ion source. The chromatographic column was a Vydac (Hesperia, CA) C8 column, with 5 m particle diameter (column dimensions 150 ϫ 2.1 mm). Peptide sequencing was performed with a Procise 610A Protein Sequencer (Applied Biosystems, Foster City, CA).
Human participants. The study was performed in the neonatal intensive care unit of the Catholic University of Rome and included 30 premature neonates consecutively admitted between January 2008 and September 2008. Neonates with gestational age (GA) Յ30 wk were admitted to the study. They were eligible: (i) when they were born in our hospital; (ii) when endotracheal intubation was required at birth; (iii) when on-going intensive care and mechanical ventilation were required. Newborns with major congenital malformations were excluded from final analysis. Surfactant (a pig-derived, natural surfactant, Curosurf; Chiesi Farmaceutici, Parma, Italy) was administered to all studied newborns, at a dose of 200 mg/kg, as soon as possible after birth, always in the neonatal unit. All the babies were ventilated in elective high-frequency oscillatory ventilation modality with Draeger Babylog 8000 plus (Draeger, Lubeck, Germany), as previously described (12) , and received ibuprofen therapy if the ductus arteriosus was hemodynamically significant (13) . The study protocol and consent forms were approved by the Ethics Committee of the Department of Pediatrics, and the parents gave their informed consent.
The diagnosis of pneumonia was based on the worsening of respiratory status (increase of fraction of inspired oxygen and/or ventilator setting), with increased amounts of secretions by endotracheal tube, rales, wheezing, persistent chest radiographic abnormalities, and a positive BALF culture (14) . Connatal pneumonia (positive BALF culture in the first 24 -48 h of life) and acquired pneumonia (positive BALF culture after 48 h of life) were distinguished during the study period.
We also evaluated the incidence of some clinical outcomes: sepsis (defined as the presence of clinical signs of infection with a positive blood culture), severe intracranial hemorrhage (grade III or IV), necrotizing enterocolitis, ductus arteriosus surgically ligated, retinopathy of prematurity (stage Ͼ2), bronchopulmonary dysplasia (O 2 -dependence at 36 wk of postmenstrual age), duration of mechanical ventilation, O 2 therapy, and survival to discharge.
Sample collection and treatment. BALF samples were obtained in the first 24 -48 h of life, and on day 5-7 of life if the babies were still ventilated, according to a standardized procedure (12) . Briefly, two sequential and separate aliquots of 1 mL/kg of 0.9% sodium chloride were instilled through a 6-Fr gauge suction catheter that had been introduced via a slide valve at the endotracheal tube connection and advanced gently until resistance was met, immediately followed by suctioning. After collection, specimens were centrifuged at 1000 g for 3 min. Cells were suspended in 250 L of 0.9% sodium chloride and the absolute and differential cell count was obtained by automatic analyzer (Siemens-ADVIA 120, Hematology System, Tarrytown, NY) and by spinning 25 L of suspended cells onto two glass slides using MayGrünwald-Giemsa stain, as previously described (15) .
Trifluoroacetic acid 0.2% solution was immediately added to cell-free supernatants of BALF samples in 1:1 vol/vol ratio, and the solution was centrifuged at 8000 g for 5 min. The acidic treatment reduced the action of BALF proteases and artifact occurrence. After centrifugation, the acidic supernatants were separated from the precipitate, freeze dried, and resuspended in 300 L of 0.2% trifluoroacetic acid solution. Hundred microlitres of this soluble fraction from each sample were analyzed by HPLC-ESI-MS.
Moreover, BALF samples were cultured for microbiological analysis including bacteria, Mycoplasma spp, Chlamydia, and fungi to diagnose lung infection.
HPLC-ESI-mass spectrometry analysis. The HPLC-ESI-MS apparatus was connected by a T splitter to a photo diode-array detector and to an LCQ Deca-XP Plus mass spectrometer. The MS apparatus was equipped with an ESI source. The eluents were (A) 0.056% aqueous TFA and (B) 0.050% TFA in ACN/water 80:20 vol/vol. The applied gradient was linear from 0 to 55% of (B) in 40 min, at a flow rate of 0.30 mL/min. The T splitter addressed 0.20 mL/min toward the diode-array detector and 0.10 mL/min toward the ESI source. The diode array detector was set at 214 and 276 nm. Mass spectra were collected every 3 ms in positive ion mode. MS spray voltage was 4.50 kV and the capillary temperature was 220°C.
Deconvolution of average ESI mass spectra was automatically performed either by the software provided with the Deca-XP instrument (Bioworks Browser, San Jose, CA) or by MagTran 1.0 software (16) Quantification of ␣-defensins 1-4. To determine the presence and concentration of the different ␣-defensins, a semiquantitative evaluation was made by performing a multiple eXtracted ion current (XIC) strategy for each ␣-defensin, as previously described (17) .
The XIC procedure is based on the extraction of the current associated to either one or multiple selected ions from the total ion current profile. The three most relevant ions of each ␣-defensin were chosen to measure the approximate value of the total ion current associated with each peptide. Under the constant general analytical conditions adopted in this study, the integrated peak area value could be used for a rough estimation of relative changes in protein amount in the different samples (18) .
As described in a previous work (19) , to normalize the dilution bias resulting from the BALF collection practice and to obtain ELF concentration from the XIC peak area of the different ␣-defensins, the urea method was used (20) : ELF concentration ϭ BALF analyte concentration ϫ (serum urea/BALF urea). Nevertheless, according to the ERS task force recommendations for bronchoalveolar lavage in children (21) , which states that results from neonates should be reported as volume instilled, volume recovered, and concentration per millilitre, we presented the data in this way.
Data treatment and statistical analysis. Categorical variables were compared by using a two-tailed Fisher's exact test. Testing for differences of continuous variables between groups was accomplished by Mann-Whitney U test for nonparametric data and t test for parametric data, as appropriate. To evaluate the relationship between ␣-defensins and absolute neutrophils count in BALF samples, linear regression analysis was used. The statistical software used included Instat (GraphPad PRISM Version 3.02). A p value Ͻ0.05 was considered statistically significant.
RESULTS
During the study period, 24 neonates were studied: 9 (37.5%) developed pneumonia in the first week of life (pneumonia group) and 15 (62.5%) did not (nonpneumonia group). In the pneumonia group, four neonates had connatal pneumonia (one by Staphylococcus aureus and three by Candida spp) and five neonates had acquired pneumonia with BALF culture positive for coagulase-negative Staphylococci. Three babies with connatal Candida pneumonia were born for mothers with rupture of membranes, with vaginal swabs positive for Candida spp and two of them were born via vaginal delivery. Two neonates suffering from Staphylococcus hemoliticus pneumonia had also a positive blood culture, and a diagnosis of sepsis was made.
Every patient had the first BALF sample on the second day of life and five neonates had a second specimen on the fifth day, because still ventilated and a diagnosis of acquired pneumonia was made thereafter. To avoid a problem of dependence of the data (i.e., 2 samples included for a subgroup of patients), we excluded the first second day BALF sample from the five patients with acquired pneumonia. We finally analyzed 24 BALF samples: 15 samples from neonates of nonpneumonia group (all collected on the 2nd day of life) and 9 samples from neonates of pneumonia group (4 collected on the 2nd day of life-connatal pneumonia, and 5 collected on the 5th day of life-acquired pneumonia). The range of lavage fluid recovery was 75-80% of the volume instilled (2 mL/kg of 0.9% sodium chloride) for each BALF sample in all the babies. The characteristics of patients and their major outcomes are summarized in Tables 1 and 2 , respectively. No statistically significant differences were found between the two groups of neonates except for the Apgar score at 1 min of life, which was significantly lower in the pneumonia group when compared with the nonpneumonia group (p Ͻ 0.05, Table 1 ). A higher number of neonates in the pneumonia group were born by vaginal delivery and after rupture of membranes Ն12 h with respect to the nonpneumonia group, but the differences were not statistically significant ( Table 1) .
The incidence of sepsis, air leaks, necrotizing enterocolitis, and severe intracranial hemorrhage (grade III or IV), was more represented in the pneumonia group with respect to the nonpneumonia group, but the difference was not statistically significant ( Table 2 ). The duration of mechanical ventilation and O 2 therapy was significantly longer in the pneumonia group (p Ͻ 0.05) because the incidence of ductus arteriosus surgically ligated and bronchopulmonary dysplasia that were significantly higher in the pneumonia group (p Ͻ 0.05, Table 2 ).
Concerning the BALF cytology, both the absolute cell count and the neutrophils absolute number resulted to be significantly higher in the pneumonia group (p Ͻ 0.05, Table 2 ).
In the HPLC-ESI-MS profile of BALF from premature newborns two peaks belonging to ␣-defensins 1-3 and ␣-defensin 4 were usually detected (Fig. 1) Values expressed as mean Ϯ SD and N (%). *We included only the newborns receiving a completed course of prenatal betamethasone, defined as two doses administered Ͼ24 h but not Ͼ7 d before delivery.
†p value Յ0.05. Values expressed as N (%) or median ͓range͔. *p ϭ 0.02. †p ϭ 0.04.
␣-defensins 1, 2, and 3, respectively. The identification of ␣-defensins 1, 2, and 3 has been previously performed in human salivary samples by using standards (22) . The ␣-defensin 4 eluted separately as a distinct peak at 29.5-30.3 min. The experimental average molecular mass value corresponded to 3709.6 Ϯ 0.4 D. The identity of ␣-defensin 4 was confirmed by automated Edman sequencing of the purified peptide. The sequence obtained was VXSXRLVFXRXTELRVGNXLIG-GVSF … in a perfect agreement to that reported in the literature (Swiss Prot code: P12838). ␣-defensins 1 and 2 were detectable in all patients and in all samples. The ␣-defensin 3 and 4 were not detected in only one patient and two patients, respectively. The levels of each ␣-defensin were significantly higher in the pneumonia group (Fig. 2) . A significant positive correlation between the absolute number of neutrophils and the corresponding levels of ␣-defensins 1, 2, and 3 was found (Fig. 3) . No differences were observed when correcting data using the urea dilution method, in either the group comparisons or the correlation data. No relationships between ␣-defensins and GA, or between ␣-defensins and bronchopulmonary dysplasia were found (data not shown). An unambiguous temporal pattern of the ␣-defensins 1-4 in those patients with two collected samples was not found.
DISCUSSION
The aim of our study was to investigate whether ␣-defensins 1-4 are present in the BALF of preterm neonates undergoing mechanical ventilation and whether respiratory infection affects their levels. To this purpose, the presence and levels of these antimicrobial peptides were evaluated in BALF of preterm neonates by a top-down label free proteomic approach.
Antimicrobial peptides play an important role in innate and adaptive immunity, but until now their role in host defense of newborns is not clear. The ␣-defensins 1-4 are located in the azurophilic granules of neutrophils. The ␣-defensins 1-3, which constitute 5% to 7% of total protein content of human neutrophils and 30%-50% of the total content of azurophilic granules, represent the most abundant antimicrobial peptides of neutrophils. The ␣-defensin 4 accounts for approximately 1% of total defensin content (23) .
The results of this study show that preterm newborns are able to synthesize ␣-defensins 1-4 that are present in their ELF. Moreover, the significant positive correlation between the absolute number of neutrophils and the corresponding levels of the ␣-defensins 1-3 suggests that, even in preterm neonates, ␣-defensins might originate prevalently by neutrophilic cells.
Interestingly, we measured significantly higher concentrations of ␣-defensins 1-4 in the pneumonia than in the nonpneumonia group patients. These data could demonstrate that, at least in part, ␣-defensins 1-4 contribute also in preterm newborns to the microbicidal and microbiostatic properties of respiratory secretions, and that premature newborns are able to activate an innate immune system of defense. Studies on murine homologs of human antimicrobial peptides indicated that expression of defensins correlates positively with GA (24 -26) . No specific data exist about a GA dependent expression of ␣-defensins in humans, and our data do not show any correlation between ␣-defensins and GA.
To our knowledge, a proteomic approach (SELDI-TOF MS analysis) for the evaluation of antimicrobial peptides in BALF samples has been only used in one study where concentrations of ␣-defensins 1 and 2 and several forms of S100A proteins were found significantly higher in BALF of patients with cystic fibrosis than in noncystic fibrosis patients (27) . These authors underlined as ␣-defensins are chemotactic for monocytes, stimulate the production of proinflammatory cytokines from monocytes and endothelium, and act on the recruitment, proliferation, and maturation of T cells. However, the same authors observed how ␣-defensins contribute to tissue damage directly via their cytotoxic effects on cells, and indirectly by competing with neutrophil elastase for the binding of the neutrophil elastase inhibitor ␣-1-antitrypsin. Other studies underline that antimicrobial peptides play a role in the inflammatory lung diseases and how, besides their host defense function during infections, their proinflammatory activity is likely to have negative consequences too (1, 23) . In this sense, the incidence of bronchopulmonary dysplasia, a multifactorial disease in which cytokines-mediated inflammation play an important role in its pathogenesis (28) , was significantly higher in the pneumonia group (with significantly higher ␣-defensins lung levels) than in the nonpneumonia group. Nevertheless, this study was not powered to detect differences in clinical outcomes, such as bronchopulmonary dysplasia, and definitive conclusions cannot be made.
It has been postulated that the effort to develop blood cell-derived proteins and peptides as novel antibiotics could be useful considering the rising prevalence of multidrugresistant microorganisms and the growing population of immunocompromised patients (4) . Nevertheless, given the described proinflammatory and antiinflammatory properties of ␣-defensins and the amount of uncertainty regarding their range of actions, it should be cautious at this stage to suggest therapeutic potential of these molecules for preterm infants. We believe that our data may just represent a first step in the knowledge of the biologic functions of ␣-defensins in the innate host defense of the lung against microbial infection in the preterm newborns.
